Synaptonemal complexes (SCs) are associated with synapsis of homologous chromosomes, chiasmata distribution, recombination and segregation of chromosomes during the extended prophase of meiosis I. Three isoforms of SC proteins, SYCP1, SYCP2 and SYCP3, were identified as the structural proteins of SCs, and may be involved in the assembly and disassembly of SCs. The aim of this present study is to determine the pattern of expression of chicken homologues of SYCP family members during ovarian and testicular development. Protein sequence analysis using CLUSTAL X revealed that the sequences and potential phosphorylation sites of chicken SYCP family proteins were highly conserved with mammalian homologues of SYCP family proteins. Quantitative real-time-PCR and in situ hybridisation analysis revealed that chicken SYCP family members were differentially expressed during ovarian and testicular development. During ovarian development, all chicken SYCP family members were detected in primordial germ cells (PGCs) until embryonic day (E) 8.0; the expression continued in proliferating pre-meiotic oogonia until E15.5 and was upregulated in meiotic prophase I oocytes until hatching. After hatching, all chicken SYCP family members were detected at a low level until 24-weeks-old. During testicular development, all chicken SYCP family members were detected in PGCs until E13.0; the expression continued in pro-spermatogonia and proliferating spermatogonia for up to 8 weeks, and was upregulated in meiotic prophase I spermatocytes in adults. Our data demonstrate the expression pattern of meiosis associated SYCP family members during ovarian and testicular development in chickens.
Introduction
Gametogenesis occurs immediately after the transition of diploid cells to the haploid state in two successive nuclear divisions, meiosis I and II. Meiosis I has an extended prophase which includes five sequential stages: leptotene; zygotene; pachytene; diplotene; and diakinesis. Synapsis of homologous chromosomes, chiasmata distribution, recombination and segregation of chromosomes at the extended prophase of meiosis I are associated with synaptonemal complexes (SCs; Meuwissen et al. 1992) . SCs are meiosis-specific proteinaceous structures that are formed between homologous chromosomes at the pachytene stage of meiotic prophase I. SCs consist of two proteinaceous axes, the lateral elements (LEs), one along each homologue. LEs are connected along their length by numerous transverse filaments (TFs). A third longitudinal structure, the central element, is located on the TFs between both LEs of SCs (Lammers et al. 1994 , Meuwissen et al. 1997 . Three isoforms of SC proteins (SYCPs), SYCP1, SYCP2 and SYCP3 (also known as SCP1, SCP2 and SCP3), have been identified in mammals as structural component proteins in SCs (Meuwissen et al. 1992 , Lammers et al. 1994 , Offenberg et al. 1998 ). SYCP1 is the major component of the TFs of SCs, whereas SYCP2 and SYCP3 have been identified in the LEs . Mutations of SYCP family members accelerate meiosis I arrest, and mutants display severe alterations in early meiotic cells during gametogenesis (Costa et al. 2005) . In SYCP1 mutants, LEs are formed and homologous chromosomes align, but do not undergo synapsis; however, SYCP2 and SYCP3 mutants exhibit failure in the formation of LEs (Yang et al. 2006) .
Although several genes/proteins are involved in SC functions, SYCP family members stand out as the most important components. Little is known about SYCP family members in non-mammalian species. In the present study, we focused on investigation of the chicken homologues of SYCP family members (cSYCP1, cSYCP2 and cSYCP3). We examined the structural similarities of predicted cSYCP family proteins with known SYCP family proteins in humans (hSYCP1, hSYCP2 and hSYCP3), mice (mSYCP1, mSYCP2 and mSYCP3) and rats (rSYCP1, rSYCP2 and rSYCP3) using the CLUSTAL X programme. The expression pattern of cSYCP family members at different stages of ovarian and testicular development was examined using quantitative real-time-PCR (qRT-PCR). Furthermore, we examined the mRNA localisation of one candidate gene, cSYCP3, and a germline-specific gene, chicken vasa homologue (CVH), during ovarian and testicular development using in situ hybridisation. All cSYCP family members were differentially expressed during ovarian and testicular development. Our data demonstrate the expression pattern of meiosis associated SYCP family members during ovarian and testicular development in chickens.
Results

Multiple sequence alignment of SYCP family members
Predicted gene sequences of cSYCP family members were obtained from a UCSC BLAT search and NCBI GenBank sequences from the chicken genome. cSYCP1 was mapped to chromosome 26 in chicken genome database. The mRNA sequence of cSYCP1 contains an open reading frame of 1446 bp encoding a 481-amino acid protein. The structure of cSYCP1 protein consists of eight S/T-S/T motifs. S/T-S/T motifs are similar to S/T-P motifs that are common in many different DNA-binding proteins (Suzuki 1989) . Other important features present in cSYCP1 include two nuclear localisation signals (K-R/K-X-R/K, where X represents any amino acid; Roberts 1989), one cAMP/cGMP-dependent protein kinase binding motif (RR/KK-X-S/T; Glass et al. 1986 ), four potential phosphorylation sites for protein kinase C (PKC; S/T-X-R/K; Kishimoto et al. 1985) and four potential phosphorylation sites for casein kinase II (S/T-X-X-D/E; Pinna 1990). Of these, two DNA-binding sites and two potential phosphorylation sites, one each for PKC and casein kinase II, are conserved in hSYCP1 (Fig. 1) .
cSYCP2 was mapped to chromosome 20 in chicken genome database. The mRNA sequence of cSYCP2 contains an open reading frame of 2478 bp encoding an Figure 1 Amino acid sequence alignment of synaptonemal complex protein 1 (SYCP1) proteins. Amino acid sequences of known SYCP1 proteins from humans (hSYCP1), mice (mSYCP1) and rats (rSYCP1) were compared with the predicted SYCP1 protein from chickens (cSYCP1) using the CLUSTAL X programme and edited with the BioEdit programme. Dots indicate amino acids identical to hSYCP1 and dashes represent gaps in the sequence. Amino acid sequences shown in boxes are the following: 1) DNAbinding sites (S/T-S/T motifs), 2) nuclear localisation signal (K-R/K-X-R/K, where X represents any amino acid), 3) protein kinase C phosphorylation site (S/T-X-R/K), and 4) casein kinase II phosphorylation site (S/T-X-X-D/E), which are conserved in both hSYCP1 and cSYCP1. 825-amino acid protein. The structure of cSYCP2 contains more features than that of other members of the cSYCP family, including 13 S/T-P motifs, 30 S/T-S/T motifs, 4 nuclear localisation signals, 1 potential phosphorylation site for tyrosine kinase (R/K-X-X-D/E-X-X-X-Y; Cooper et al. 1984) , 6 potential phosphorylation sites for cAMP/cGMP-dependent protein kinase, 24 potential phosphorylation sites for PKC, 23 potential phosphorylation sites for casein kinase II and 1 GTP-binding site (D-X-X-G; Dever et al. 1987) . Of these, 16 DNA-binding sites, 3 phosphorylation sites for PKC, 5 phosphorylation sites for casein kinase II and 1 GTP-binding site are conserved in hSYCP2 (Fig. 2) .
cSYCP3 was mapped to chromosome 1 in chicken genome database. The mRNA sequence of cSYCP3 consists of an open reading frame of 717 bp encoding a 238-amino acid protein. The cSYCP3 protein is short compared to cSYCP1 and cSYCP2, but is highly homologous with mammalian SYCP3 proteins. The structure of cSYCP3 contains one S/T-P motif, two S/T-S/T motifs, one nuclear localisation signal, six potential phosphorylation sites for PKC, five potential phosphorylation sites for casein kinase II and four GTP-binding sites. Of these, two DNA-binding sites, the nuclear localisation signal, six phosphorylation sites for PKC, four phosphorylation sites for casein kinase II and two GTP-binding sites are conserved in hSYCP3 (Fig. 3) .
Calculating the percentage identity of cSYCP family proteins with mammalian SYCP family proteins over the entire alignment indicated significant similarities: the protein sequence identity between cSYCP1 and SYCP1 in humans, mice and rats was 45, 44 and 44% respectively; between cSYCP2 and SYCP2 in humans, mice and rats was 38, 39 and 39% respectively; and between cSYCP3 and SYCP3 in humans, mice and rats was 75, 68 and 70% respectively. In addition, cSYCP1 and cSYCP2 lack nearly half of the amino acid sequence of mammalian SYCP1 and SYCP2 respectively.
Tissue specificity and duration of expression of cSYCP family members
The expression levels of cSYCP1, cSYCP2 and cSYCP3 were examined by qRT-PCR during ovarian and testicular development on embryonic day (E) E6.0, E8.0, E12.0, 1 day (hatching), 5, 8, 10, 12 and 24 weeks. The cSYCP family members were differentially expressed during ovarian and testicular development. In the female gonad, all three members of the cSYCP family were initially expressed on E6.0 at a low level, and the expression was developmentally upregulated until hatching. After hatching, the expression of cSYCP1 and cSYCP3 was detected at a low level until 24 weeks. The relative expression level of cSYCP2 was low compared to the other two members of the cSYCP family. After hatching, cSYCP2 was expressed at a low level in ovaries and maintained the same level until 24 weeks (Fig. 4) .
In males, expression of cSYCP1 first appeared at a low level in E6.0 gonads, and the same level was maintained until hatching. After hatching, cSYCP1 was developmentally upregulated until 24 weeks. Similar to cSYCP1, cSYCP2 first appeared at a low level in gonads on E6.0, but the level was maintained until 8 weeks. cSYCP2 expression increased after 10 weeks and reached a maximum at 24 weeks. cSYCP3 differed from the other SYCP family members because it was initially expressed in gonads on E8.0. cSYCP3 expression increased at every age examined and reached its highest level of expression at 24 weeks (Fig. 4 ).
Because the relative expression level of cSYCP family members was high at 24 weeks, particularly in testis, we further examined one candidate gene, cSYCP3, in adult tissues by northern blotting. The expression of cSYCP3 mRNA was detected in adult testis. No cSYCP3 mRNA was detected in the brain, liver, muscle, spleen or ovary at 24 weeks (Fig. 5 ).
mRNA localisation of cSYCP3 during ovarian and testicular development
We used in situ hybridisation to examine mRNA localisation of one candidate gene, cSYCP3, during ovarian development on E8.0, E12.0, 1 day and 5 weeks, and testicular development on E8.0, E12.0, 1 day, 5 and 24 weeks. cSYCP3 is expressed differentially during ovarian and testicular development in chickens. In females, cSYCP3 mRNA was detected in primordial germ cells (PGCs), pre-meiotic germ cells and meiotic prophase I oocytes. On E8.0, the cSYCP3 signal was detected in PGCs, which migrated to the peripheral region of the gonads; consistent with this observation, fewer cSYCP3-positive PGCs were detected in the medullary region of gonads. Starting on E12.0, the cSYCP3 signal increased, particularly in pre-meiotic germ cells and meiotic prophase I oocytes located in the cortex area. cSYCP3-positive meiotic prophase I oocytes were widespread in ovaries on day 1 (Fig. 6 ). cSYCP3 mRNA was detected at a low level in ovaries at 5 weeks (data not shown).
In males, cSYCP3 mRNA expression was developmentally upregulated from E8.0 to 24 weeks of age. On E8.0 and E12.0, cSYCP3 mRNA was detected in PGCs that had migrated to the differentiating seminiferous cords. After that, cSYCP3 mRNA expression continued in the pro-spermatogonia (until hatching) and proliferating spermatogonia (on 1 day to 8 weeks). At 24 weeks, cSYCP3 mRNA was strongly detected in meiotic prophase I spermatocytes (Fig. 7) . The expression pattern of cSYCP3 during ovarian and testicular development in chicken embryos resembles that of the germline-specific gene, CVH (Figs 6 and 7) . Figure 2 Amino acid sequence alignment of synaptonemal complex protein 2 (SYCP2) proteins. Amino acid sequences of known SYCP2 proteins from humans (hSYCP2), mice (mSYCP2) and rats (rSYCP2) were compared with the predicted SYCP2 protein from chickens (cSYCP2) using the CLUSTAL X programme and edited with the BioEdit programme. Dots indicate amino acids identical to hSYCP2 and dashes represent gaps in the sequence. Amino acid sequences shown in boxes are the following: 1) DNAbinding sites (S/T-P motifs and S/T-S/T motifs), 2) protein kinase C phosphorylation sites (S/T-X-R/K), 3) casein kinase II phosphorylation sites (S/T-X-X-D/E), and 4) GTP-binding sites (D-X-X-G), which are conserved in both hSYCP2 and cSYCP2.
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Discussion
BLAST searches of eukaryotic genomes revealed that in many non-mammalian species, all three SYCP family members had not been completely characterised. In this paper, we focused on investigating the chicken homologues of SYCP family members, cSYCP1, cSYCP2 and cSYCP3. To understand the functional similarities and/or dissimilarities, one must characterise the structural features of cSYCP family members and analyse their conservation with mammalian homologues. The predicted amino acid sequences of cSYCP family proteins share several potential functional sites including nuclear localisation signals (K-R/K-X-R/K), PKC phosphorylation sites (S/T-X-R/K), casein kinase II phosphorylation sites (S/T-X-X-D/E) and S/T-P or S/T-S/T motifs for DNA binding that may play a role in assembly and disassembly of SCs. However, a few significant differences in structural features exist between the cSYCP family proteins. For example, both cSYCP1 and cSYCP2 contain one or more potential cAMP/cGMP-dependent protein kinase target sites (RR/KK-X-S/T): these are found at amino acids 362-365 in cSYCP1 and at amino acids 39-42, 350-353, 356-359, 518-521, 535-538 and 671-674 in cSYCP2. However, cSYCP3 does not contain any cAMP/cGMP-dependent protein kinase phosphorylation sites. cAMP/cGMP-dependent protein kinase is important for regulating the assembly and disassembly of the LEs, and inhibition of this phosphorylation site leads to the disassembly of the nuclear lamina (Lammers et al. 1994) . Of the three cSYCP family members, only cSYCP2 contained a potential tyrosine kinase phosphorylation site with the consensus R/K-X-X-D/E-X-X-X-Y; this site was found at amino acids 686-693. The primary amino acid sequences of tyrosine kinases are closely related to serine-and threonine-specific kinases such as cAMP-dependent protein kinase, PKC and phosphorylase kinase (Akiyama et al. 1987) . Inhibition of tyrosine kinases produces meiosis I arrest by inducing rapid dissolution of SCs and bivalent separation (Tarsounas et al. 1999 ).
The differences in structural features between the cSYCP family proteins suggest that cSYCP1, cSYCP2 and cSYCP3 may vary in one or more functions during the assembly and disassembly of SCs even though these genes are from same family. Among the structural features identified, several DNA-binding sequences, nuclear localisation signals, PKC phosphorylation sites, casein kinase II phosphorylation sites and GTP-binding sequences of cSYCP family proteins are highly conserved with hSYCP family proteins, which indicates that the two families may have close functional relationships.
In mammals, SYCP family genes are not expressed in any tissues other than testis and ovary (Wang et al. 2001) . During embryogenesis, all SYCP family members are expressed specifically in the nucleus of meiotic prophase I cells (spermatocytes in males and oocytes in females). SYCP3 appears first at the leptotene stage, and subsequently SYCP1 and SYCP2 appear at the zygotene and pachytene stages respectively (Meuwissen et al. 1992 , Lammers et al. 1994 , Offenberg et al. 1998 , Yuan et al. 2000 , but pre-meiotic cells (spermatogonia in males and oogonia in females) do not contain detectable amounts of SYCP mRNA. After sexual maturation, expression of mammalian SYCP family members is specific to testis and restricted to meiotic prophase I spermatocytes (Offenberg et al. 1998 , Yang et al. 2006 . Interestingly, recent reports demonstrate the expression of mammalian SYCP family members in adult human ovaries (Bukovsky et al. 2008) and show that transplanted female germline stem cells derived from adult mouse ovaries underwent oogenesis and the mice produced offspring (Zou et al. 2009 ). To our knowledge, less is known about tissue-and cell-specific expression of SYCP family members in chickens. In the present study, qRT-PCR analysis revealed that the three members Figure 3 Amino acid sequence alignment of synaptonemal complex protein 3 (SYCP3) proteins. Amino acid sequences of known SYCP3 proteins from humans (hSYCP3), mice (mSYCP3) and rats (rSYCP3) were compared with the predicted SYCP3 protein from chickens (cSYCP3) using the CLUSTAL X programme and edited with the BioEdit programme. Dots indicate amino acids identical to hSYCP3 and dashes represent gaps in the sequence. Amino acid sequences shown in boxes are the following: 1) DNA-binding sites (S/T-S/T motifs), 2) nuclear localisation signal (K-R/K-X-R/K, where X represents any amino acid), 3) protein kinase C phosphorylation sites (S/T-X-R/K), 4) casein kinase II phosphorylation sites (S/T-X-X-D/E), and 5) GTP-binding sites (D-X-X-G), which are conserved in both hSYCP3 and cSYCP3. of the cSYCP family were differentially expressed in a tissue-specific and duration-dependent manner. cSYCP1 and cSYCP2 were initially expressed on E6.0 in both testis and ovary, whereas cSYCP3 was initially expressed on E6.0 in females and on E8.0 in males. The onset of meiosis in chickens occurs first in female gonads on E15.5 (Smith et al. 2008) . The duration-dependent expression of cSYCP family members in the present study calls into question the idea that cSYCP family members are specific to meiotic prophase I or are initially expressed only after pre-meiotic development of germ cells.
We examined the relationship between the expression pattern of cSYCP family members and the time-and duration-dependent events of gametogenesis to identify the stage at which these genes act during germline development and onset of meiosis (Fig. 8) . In chickens, the germ cell lineage is maternally predetermined from the first cleavage of the fertilised egg, but most studies have traced germline development from H&H stage X (E0.0, the freshly laid egg; Hamburger & Hamilton 1951 , Ginsburg & Eyal-Giladi 1986 , Tsunekawa et al. 2000 . The precursors of germ cells, PGCs, appearing in the area pellucida at stage X will eventually migrate to the germinal crescent area during formation of the primitive streak on E0.5 (Tsunekawa et al. 2000) . At around E2.0 to E4.0, PGCs circulate in the extraembryonic blood stream . Although PGCs enter germinal ridges on about E4.0, differentiation of PGCs into oogonia in females and pro-spermatogonia in males starts on about E8.0 and E13.0 respectively (Aramaki et al. 2007 . In the present study, qRT-PCR and in situ hybridisation results revealed that the earliest expression of cSYCP family members began in chicken PGCs, which settle in the differentiating gonads on E6.0 (Aramaki et al. 2007) . In mammals, expression of SYCP members was reported in PGCs before meiotic arrest (Di Carlo et al. 2000) .
In female chickens, the oogonia enter a dramatic proliferation state on E9.0; however, entry of oogonia into meiosis and arrest at prophase I were clearly seen as early as day E15.5. After E16.5, meiotic oocytes were Figure 5 Northern blot analysis of chicken synaptonemal complex protein 3 (cSYCP3) in the brain, liver, muscle, spleen, testis and ovary in 24-week-old chickens. The same RNA samples were hybridised with probes made from the endogenous housekeeping gene, chicken glyceraldehyde-3-phosphate dehydrogenase (cGAPDH) for normalisation. numerous in the female gonad (Hughes 1963 , Smith et al. 2008 . In male chickens, PGCs undergo mitotic arrest: they stop dividing and remain as pro-spermatogonia at the G1 stage of the cell cycle until hatching (Kirby & Froman 2000 , Smith et al. 2008 . After hatching, both spermatogonia and Sertoli cells undergo proliferation until about 8 weeks of age. Spermatogonia enter meiosis only after the completion of Sertoli cell proliferation. Therefore, the majority of cell types present in the seminiferous tubules up to 8 weeks are spermatogonia and Sertoli cells (Kirby & Froman 2000) . We believe that in females, all cSYCP family members first appeared in PGCs on E6.0 and that the mRNA level increased sharply at the onset of meiosis. In males, however, cSYCP family members first appeared in the PGCs, expression continued in pro-spermatogonia and proliferating spermatogonia and expression increased when the germ cells entered meiosis. Ovarian expression of cSYCP family members in adult chickens may be indicative of ongoing oogenesis.
Not surprisingly, the ovarian expression is much lower compared with testis, just reflecting decline of oocyte numbers after hatching.
In conclusion, we investigated the expression pattern of chicken homologues of meiosis-associated SYCP family members, which were highly conserved with mammalian SYCP family proteins. The expression pattern of all cSYCP family members was identified in both ovary and testis; however, the mRNAs expression was much lower in testis during embryonic stages and much lower in ovary during post-hatch development. All cSYCP family members were initially expressed in PGCs and continued to be expressed in premeiotic germ cells, and the expression level increased when the germ cells entered meiosis.
Materials and Methods
Animals
White Leghorn chickens were maintained at the University Animal Farm, Seoul National University. Animal management, reproduction and surgery were performed in accordance with standard protocols of the Division of Animal Genetic Engineering, Seoul National University. All experimental data reported in the present study were from at least three independent experiments. Tissues, total RNA extraction and cDNA synthesis
In total, 30 tissues were collected during the sexual development of male and female chickens: male and female gonads on E6.0, 8.0 and 12.0; testis and ovary at 1 day (hatching), 1, 2, 3, 4, 5, 8, 10, 12 and 24 weeks; and brain, liver, muscle and spleen at 24 weeks. Sex was determined on E4.0 by PCR using W chromosome-specific primers (USP1: 5 0 -CTATGCCTACCACATTCCTATTTGC and USP3: 5 0 -AGCTG-GACTTCAGACCATCTTCT; Ogawa et al. 1997) . Total RNA was extracted using Trizol reagent (Invitrogen) according to the manufacturer's protocol. About 0.5 mg total RNA was reversetranscribed with the Superscript III First-Strand Synthesis System (Invitrogen) according to the manufacturer's protocol.
Multiple sequence alignment of SYCP family members
Predicted cSYCP1, cSYCP2 and cSYCP3 mRNA sequences were obtained from the BLAT search of the Chicken Genome Database at the University of California, Santa Cruz (UCSC; Karolchik et al. 2008) for the respective GenBank sequences (cSYCP1: XM_001235268, cSYCP2; XM_417396 and cSYCP3: XM_416330) from the National Centre for Biotechnology Information (NCBI; Benson et al. 2004) . Amino acid sequences of cSYCP1, cSYCP2 and cSYCP3 proteins (XP_001235269, XP_417396 and XP_416330 respectively) were compared to the SYCP family proteins of humans (NP_003167, NP_055073 and NP_710161 respectively), mice (NP_035646, NP_796165 and NP_035647 respectively) and rats (NP_036942, NP_570091 and NP_037173 respectively) using the CLUSTAL X programme and edited with the BioEdit programme . The percent identity between SYCP proteins of chickens, humans, mice and rats was determined using the NCBI blastp engine (Tatusova & Madden 1999) .
qRT-PCR
To examine the expression pattern of cSYCP1, cSYCP2 and cSYCP3 during ovarian and testicular development, qRT-PCR was performed in an iCycler real-time PCR detection system (Bio-Rad Laboratories). The PCR reaction mixture contained 2 ml PCR buffer, 1.6 ml of 2.5 mM dNTP mixture, 10 pmol each of forward and reverse primers (Table 1) , 2 ml cDNA, 1 ml EvaGreen (Biotium Inc., Hayward, CA, USA) and 1 U Taq DNA polymerase in a 20 ml final volume. PCR was performed with initial incubation at 50 8C for 2 min and 95 8C for 10 min, followed by 40 cycles at 95 8C for 15 s, 58 8C for 30 s and 72 8C
for 30 s. PCR was terminated by a final incubation at the dissociation temperatures of 95 8C for 15 s, 60 8C for 30 s and 95 8C for 15 s. The threshold cycles (C t ) of cSYCP1, cSYCP2 and cSYCP3 were normalised with chicken glyceraldehyde-3-phosphate dehydrogenase (cGAPDH, primers shown in Table 1 ). Relative quantification of the expression of genes was calculated using the 2 KDDC t method (Livak & Schmittgen 2001) .
Hybridisation probes
Testis cDNA from 24-week-old chickens was amplified with cSYCP3-, cGAPDH-and CVH-specific primers (Table 1) . The amplified fragments were separated by gel electrophoresis and extracted with a Power Gel Extraction kit (TaKaRa Korea Biomedical Inc., Seoul, South Korea) and cloned into the pGEM-T Easy vector (Promega). After linearisation of sequences, recombinant plasmids containing each gene were Figure 8 Schematic representation of the expression pattern of chicken homologues of synaptonemal complex proteins (cSYCP1, cSYCP2 and cSYCP3) and the germline-specific gene, chicken vasa homologue (CVH) compared with time-and duration-dependent events of germline development until the onset of meiosis. First primer pairs were used for qRT-PCR, and second primer pairs were used for the synthesis of hybridisation probes.
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amplified with T7-and SP6-specific primers (T7: 5 0 -TGTAA-TACGACTCACTATAGGG; SP6: 5 0 -CTATTTAGGTGACACTATA-GAAT). The recombinant DNA was labelled with a digoxigenin (DIG) RNA labelling kit (Roche Diagnostics) to prepare sense and antisense cRNA probes for hybridisation.
Northern hybridisation
Tissue-specific expression of cSYCP3 was confirmed by northern blotting using a DIG Northern Starter Kit (Roche; Holtke et al. 1995) . Total RNAs from the brain, liver, muscle, spleen, testis and ovary of 24-week-old chickens were electrophoresed in a 1% (w/v) formaldehyde agarose gel, capillary-blotted onto Hybond nylon membrane (Amersham Biosciences) and u.v. cross-linked. Blots were hybridised with cSYCP3 and cGAPDH probes. After non-specific binding was blocked by incubating the membrane in 1% (w/v) blocking reagent (Roche), the membrane was incubated with anti-DIG antibody (Roche) for 1 h at room temperature. The signal was developed with nitroblue tetrazolium (NBT) and 5-bromo-4-chloro-3-indolyl phosphate (BCIP; Sigma-Aldrich) for 5 h in the dark.
In situ hybridisation
In situ hybridisation was performed to examine the mRNA localisation of cSYCP3 during ovarian and testicular development in comparison to CVH. Frozen sections (10 mm) were mounted on slides treated with 3-aminopropyltriethoxysilane (Sigma-Aldrich). The sections were dried on a 50 8C slide warmer and fixed in 4% (w/v) paraformaldehyde in PBS (pH 7.4) for 1 h at room temperature. The sections were washed twice in PBS, treated in 1% (v/v) Triton-X-100 for 20 min and washed three times in PBS. The sections were incubated with a prehybridisation mixture containing 50% (w/v) formamide and 5 !SSC (pH 7.0) for 15 min at room temperature. After pre-hybridisation, the sections were hybridised with sense or antisense cSYCP3 and CVH cRNA probes in a hybridisation solution for 18 h at 55 8C (Rengaraj et al. 2008) . After the sections were incubated overnight with sheep anti-DIG antibody (Roche), the mRNA signal was visualised with NBT and BCIP. The sections were counterstained with 1% (w/v) methyl green (Sigma-Aldrich) and photographs were taken under an Axiophot light microscope (Carl Zeiss, Oberkochen, Germany).
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